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Abstract

In this report for AFSOR/AOARD project (FA2386-10-1-4080), we have investigated the
photophysical properties of various Hiickel or Mdbius (anti)aromatic porphyrinoids such as
expanded porphyrins, porphycenes etc. using theoretical calculations and various
spectroscopic methodologies in conjunction with the topology transformation between
aromatic and antiaromatic porphyrinoids by conformational control via solvent change and

redox chemistry, etc.

Hiickel Mébius
topology topology
[4n+2] Aromatic

[4n] Aromatic
[4n] Antiaromatic [4n+2] Antiaromatic

Decapyrrolic
Porphyrinoid

Figure 1. Hiickel and Mgbius aromaticity (top) and schematic molecular structures of various porphyrinoids (bottom).




Introduction

Aromaticity is regarded as one of the most important concepts in modern chemistry.
Although the history of this concept began with the discovery of benzene by Faraday in 1825,
there is no simple definition to explain what the aromaticity really is. Most widely-accepted
notion is that cyclic conjugated molecular systems with [4n+2]n-electrons have closed-shell
electron configurations and reveal aromaticity like benzene. This is known as Hiickel’s rule.
In contrast to the fact that Hiickel considered the planar molecular structure, Heilbronner
suggested that [4n]m-electron conjugated system can have a closed-shell configuration,
namely aromatic property, when the system takes Mobius strip-like topology with a half-
twisted m surface in the m-conjugated pathways. This is the key concept of Mdbius
aromaticity, in which Hiickel’s rule is adopted inversely; [4n]n-systems are aromatic but

those with [4nt2]n-electrons are antiaromatic.

Aromaticity Control

Two Photon Absorption

Figure 2. Photophysical properties of various porphyrinoids.

Porphyrins and their analogues (porphyrinoids) are particularly attractive molecules for
exploration of various types of aromaticity, because most porphyrinoids possess circular
conjugation pathways in their macrocyclic ring with various molecular structures (Figure 2).
n-electron delocalization and aromaticity in porphyrinoids are strongly affected by 1)

structural modifications, ii) redox chemistry, and iii) NH-tautomerization process, etc.




Furthermore, this aromaticity has a strong influence on the spectroscopic properties and
chemical reactivity of porphyrinoids. In this context, considerable efforts have been devoted
to exploring and understanding relationship between aromaticity and spectroscopic

properties in a variety of aromatic and antiaromatic porphyrinoids.
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Figure 3. Examples of aromaticity control for expanded porphryins

Thus, a series of various porphyrinoids are in the limelight being expected to shed light
on this field because they have some advantages to study the aromaticity; 1) it is possible to
control the number of conjugated n-electrons by changing the number of connected pyrrole
rings, ii) by providing a comparable set of [4n]/[4n+2] molecular systems through a facile
two-electron reduction/oxidation process, the systematic investigations are easily accessible,
satisfying the prerequisites that only the number of n-electrons has to be different with the
same structure and chemical environment, and iii) above all, it is easy to change the
molecular conformations by both synthetic and non-synthetic ways. Again, it should be
noted that the topology control is an important factor in assessing the structure-property
relationship. In this regard, various attempts to modify the overall structures of
porphyrinoids have been made by temperature control, solvent changes, and functional group
modifications (Figure 3). With these active control methods of molecular topologies in hand,
the structure-property relationship of porphyrinoids in conjunction with aromaticity has been
vigorously explored by using ultrafast spectroscopic measurements as well as theoretical

calculations.




Methodologies

(1) Experimental Method
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Results and Discussion

1. Investigation of Aromaticity and Photophysical Properties in [18]/[20]x Porphycenes

RO RC R Porphyrins and their analogues

(porphyrinoids) are  particularly

attractive molecules for exploration

| o, of wvarious types of aromaticity.

Figure 4. Schematic molecular structures of [18]EtioPc, [18]CF;Pc, and Generally, pOI‘phyrinOidS with
[20]CFsPc.

[4n+2]n  electrons in the main
m-conjugation pathway usually reveal an obvious aromatic character. While these [4n+2]n
porphyrinoids have been intensively synthesized and characterized, porphyrinoids with [4n]x
electrons in their delocalized pathways have been little explored owing to their synthetic
difficulties and instabilities in ambient condition. As a consequence, a majority of studies on
[4n]m porphyrinoids have dealt with expanded porphyrins, because the difference in
resonance stabilization energies between [4n]|n and [4n+2]n electronic systems decreases for
larger values of n. In this regard, the isolation and stability of [4n]r porphyrinoids are the
essential requirements for the reliable photophysical characterization. In this project, we
have investigated the relationship between aromaticity and photophysical properties of
[18]/[20]x porphycenes ([18]EtioPc, [18]CFs;Pc, and [20]CFs;Pc) using theoretical

calculations and spectroscopic methodologies (Figure 4).

(1) Molecular Structures and MO Diagrams: While the optimized molecular structure of
[18]EtioPc reveals a quite planar

DR P NECF,Pe PG e

geometry, [18]CFsPc shows a slightly

ruffled  structure due to the

steric/electronic  repulsion between
bulky trifluoromethyl substituents
(Figure 5). Furthermore, [20]CFsPCc  =w-

.. . Figure 5. Optimized molecular structures of [18]EtioPc, [18]CFsPc, and
than [18]CF3Pc due to additional steric [20]CFPc.

exhibits more distorted conformation

repulsion between inner hydrogen atoms inside the macrocycle.

Molecular orbital (MO) diagrams of [18]EtioPc reveal a general feature of aromatic
porphycene, which shows nearly degenerate HOMO/HOMO-1 and a relatively large energy
splitting between LUMO and LUMO-+1 (1.26 e¢V) due to the reduced symmetry (D,,) as




compared with its  corresponding
free-base porphyrin (Dg,). Although the
MOs of [18]CFs;Pc also show a quite
similar behavior to [18]EtioPc,

stabilization of LUMO was

the
energy
observed due to the existence of electron
substituents (Figure 6).
Consequently, [18]CFs;Pc reveals the
distinctly smaller HOMO-LUMO gap by
0.26 eV than [18]EtioPc. Especially, the
HOMO-LUMO energy gap of [20]CF3Pc

withdrawing
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Figure 6. MO diagrams of [18]EtioPc (left), [18]CF;Pc (center), and

[20]CF3Pc (right).

is significantly increased to 2.96 eV as compared with 2.12 ¢V for [18]CF3Pc.

(2) Aromaticity and Electron Delocalization: To reveal the m-electron delocalization

Figure 7. Induced current density maps of [18]EtioPc (left), [18]CF3Pc
(center), and [20]CF3Pc (right). Red and blue lines indicate the main

conjugation pathways.

behaviors, we have investigated the
diatropicity or paratropicity of three
porphycene molecules by ACID plot
analysis (Figure 7). As shown in Figure
7, the ACID plots of [18]EtioPc and
[18]CF3Pc reveal clear clockwise current

density vectors, indicating a diamagnetic

ring current. On the contrary, that of [20]CF3;Pc shows relatively weak counter-clockwise

current flow, which means the
induced paratropic ring current.
Furthermore, the ring current
density maps on [18]n porphycenes
and [20]t porphycene show a
prominent difference upon changing
the isosurface values in ACID plots
(Figure 8). Although [18]EtioPc
and [18]CFs;Pc reveal continuous
enclosing the

boundary surface

delocalized electrons even at the
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Figure 8. Current density maps of [18]EtioPc, [18]CFsPc, and [20]CFsPc.

isosurface values of 0.091 and 0.078, respectively, [20]CF3;Pc does not show a continuous




current density above the isosurface value of 0.051. This difference between [18] and [20]
porphycenes indicates that m-electron delocalization is more effective in two [18]n
porphycenes than [20]CF3Pc.

The NICS(0) values of [18]EtioPc and [18]CF3;Pc have been estimated to be large

negative ones, -13.4 and -12.4, respectively. In contrast, [20]CF3Pc shows positive NICS(0)
value of +4.7 at the center of macrocycle. According to these results, we think that two [18]x
porphycenes reveal an obvious aromatic character. Meanwhile, the absolute NICS value of
[20]CF3Pc is noticeably smaller than those of two aromatic [18]r porphycenes, which means
that the strength of the paratropic ring current of [20]CF3Pc is relatively weaker than that of
the diatropic ring current of two aromatic [18]n porphycenes. Based on these results, we
suggest that [20]CF;Pc reveals moderately antiaromatic character due to its distorted
structure.
(3) Photophysical Properties: Aromatic [18]n porphycenes show general features of
free-base [18]m porphyrinoids in the steady-state spectra, which exhibits intense Soret band,
split Q-bands and well-structured fluorescence spectra (Figure 9). Particularly, [18]CF3;Pc
exhibits a bathochromic shift of Q-bands and 1{a)

slightly larger Stokes shift as compared with

[18]EtioPc. Furthermore, to investigate the

. A\

excited-state dynamics and non-linear optical IR

properties of [18]EtioPc and [18]CF;Pc, we have

T 1

carried out time-correlated single photon counting

(TCSPC), nanosecond flash photolysis, and

femtosecond Z-scan measurements in toluene. \k

n

0
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The decay profiles of [18]EtioPc and [18]CF3Pc Figure 9. Steady-state absorption (black linc) and
can be fitted to a single exponential function with m;;;::;s ssiciz(;g]lén:jpf([cl)gi]: :;Tf:n(:)
the time constants of 296 and 30 ps, respectively. Additionally, the fluorescence temporal
profiles of [18]EtioPc and [18]CF3Pc reveal single exponential decay behaviors, with the
lifetime of 3.92 and 1.08 ns, respectively. Also, [18]CF3;Pc exhibits the TPA cross-section
value of 1820 GM, which is slightly smaller than that of [18]EtioPc (2150 GM) (Figure 10).

Obviously, compared with planar [18]EtioPc, distorted [18]CFsPc shows distinctive
photophysical behaviors such as i) bathochromic shift of Q-bands, ii) much shorter excited
singlet- and triplet-state lifetimes, and iii) slightly smaller TPA value, etc. The origin of these

distinctive features of [18]CF3Pc can be understood in terms of an interplay between reduced

HOMO-LUMO gap and structural distortion of [18]CF3zPc.




Noticeably, compared with two  aromatic

porphycenes, antiaromatic [20]CF3;Pc exhibits quite

different features in the steady state spectra and excited
oar- state dynamics. [20]CF3;Pc shows intense band at 321 nm
o] 2150+ 200 GMat 800 nm
el and very weak and broad band at around 400 nm in the

absorption spectrum. Although these absorption features
of [20]CFsPc seem to be similar to those of [4n]n

porphyrinoids without Q-bands, there are obvious

Normalized Transmittance ——

differences between [20]n porphycenes and other [4n]n

°*1  1820+200 GMat 800 nm  porphyrinoids.

BB BT TS kTR The most [4n]n porphyrinoids have much smaller
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Figure 10. Z-Scan curve traces of [18]EtioPc  HOMO-LUMO gaps than their corresponding [4n+2]n
(top) and [18]CF3Pc (bottom) at 800 nm

porphyrinoids. These electronic features of [4n]n

porphyrinoid systems with small HOMO-LUMO gaps are responsible for the NIR optically

dark state absorption, a lack of fluorescence, and very short excited-state lifetime. However,

the HOMO-LUMO gap of [20]CFsPc is relatively larger than that of aromatic [18]CF3Pc.

Moreover, the calculated vertical transition energy for the lowest excited state of [20]CF3;Pc

is estimated to be energetically higher than that g)

Two Electron
Reduction
of [18]CFs;Pc. Furthermore, we have also [4n+2]n [4n]x
observed weak fluorescence spectrum of Lumo - " . Lumo
e 44 _HOMO
[20]CF3Pc at 475 nm, which is in a sharp s howo e
contrast with non-fluorescent behaviors of
Nearly Degenerated HOMO-LUMO Gap
antiaromatic [4n]|n porphyrinoids. LUMOand LUMO+1 [4n+2x > [4n]n
The origin of this contrasting feature of [20]x b) e
Reduction
porphycene arises from a uniquely large energy [18]CFsPc [20]CF5Pc
splitting between LUMO and LUMO+1 of [18]n — e rume
——wmo.|
porphycene with Dy, symmetry as compared oL pomo
D a—— ——

with other aromatic [4n+2]rn porphyrinoids with HOMO-LUMO Gap
Large Energy Splitting

betw
nearly degenerate LUMO/LUMO+1. When two LUMO and LUMO+1 (4nlx> [4n+2]x
electrons are filled into the LUMO level of Figure 11. Schematic energy level diagram differences of
. . . typical [4n]/[4n+2] porphyrinoids with degenerated LUMO and
aromatic [4n+2]n porphyrinoid, the LUMO level LUMO+1 (a) and [18]/[20]CF;Pc (b).

should be stabilized and act as the HOMO level of [4n]m porphyrinoid. Thus, the
HOMO-LUMO energy gap of [4n]n porphyrinoid is sensitive to the energy difference
between LUMO and LUMO+I of its corresponding [4n+2]r porphyrinoid (Figure 11).




2. Solvent Dependent Aromatic versus Antiaromatic Conformational Switching

We  have investigated solvent  dependent
conformational changes and subsequent
photophysical properties of
meso-(heptakis)pentafluorophenyl [32] heptaphyrin
(Figure 12). In this study, by performing the

femtosecond time-resolved transient absorption (TA)

Ar = CgFs
Figure 12. Schematic molecular structure of spectroscopy and global analysis, we have resolved
[32]heptaphyrin

complicated conformational dynamics in solution by
detecting characteristic spectroscopic features of aromatic, nonaromatic, and antiaromatic

expanded porphyrins with their structural topologies.

(1) Steady-State Absorption Spectra: In toluene, the absorption spectra exhibit a relatively
broad B-like band at 600 nm without any Q-like bands in NIR region. In ethyl ether, a broad
and split B-like band is observed at 590 and 30

—Tol

637 nm, and very weak Q-like bands are 25+ 75:?

20] — DMsO

observed in the region of 800~1000 nm. In
THF, however, a sharp and intense B-like band
is observed at 646 nm with a shoulder at 687

£x 10" (M cm™)

nm, and Q-like bands in NIR region are clearly

observed in contrast with very weak and 00 500 500 1000 1200

featureless Q-like bands in ethyl ether. These _ Wavelength (nm) _
Figure 13. Steady-state absorption and fluorescence (inset) spectra

of [32]heptaphyrin in various solvents measured at room
temperature

changes in spectral features are further
remarkable in DMSO (Figure 13).

The absorption spectrum in DMSO can be assigned to a twisted Mobius aromatic
conformer by referring that in our previous observations, and ill-defined spectra in toluene
and ethyl ether can be interpreted in terms of the formation of antiaromatic species on the
basis of the related studies. Therefore, it is suggested that increase in solvent polarity induces

the conformational changes of [32]heptaphyrin from antiaromatic to aromatic species.

(2) Excited-State Dynamics: The TA spectra in toluene show broad ground-state bleach
(GSB) signals at 600 nm with strong excited-state absorption (ESA) signals around 700 nm
(Figure 14). Through the global analysis, two decay associated spectra have been extracted.

The decay associated spectrum at early time-evolution reveals broad and red-shifted ESA

11
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Figure 14. (a) Femtosecond transient absorption spectra, (b) decay

associated spectra, and (c) temporal profiles of [32]heptaphyrin in
toluene measured at room temperature.

signals whereas the spectrum at longer

time-evolution shows blue-shifted ESA
signals. These two spectra indicate the TA
spectra before and after vibrational relaxation
process, respectively, not those of two
different conformers. The decay profiles
probed at 600 and 700 nm were fitted by two
exponential functions and the time constants
were 0.4 and 5 ps, respectively. The shorter
time constant of less than 1 ps is attributed to
the vibrational energy relaxation process, and

thus the lowest singlet excited-state lifetime

can be estimated to be 5 ps in toluene. This

short-lived singlet excited-state lifetime is consistent with the non-fluorescent behavior in

toluene.

On the contrary, the TA spectra measured in THF show sharp and intense GSB signals at

650 and 690 nm, and the intensity of ESA signals at around 610 nm is relatively weak

compared to that of GSB signals (Figure 15). Also, there is no band shifts with an increase

in the delay time. In the global analysis, only one decay associated spectrum was found,

indicating that there is one depopulation process or conformer. In line with this, the decay

profiles at 614 and 648 nm were fitted by single exponential function with the time constant

of 65 ps.

The TA spectra measured in ethyl ether
exhibit more complicated aspects (Figure
16). Upon photoexcitation at 640 nm, broad
GSB signals at 590 nm, sharp GSB signals at
640 nm, and strong ESA bands at around
700 nm appear at the initial time delay. As
the delay time increases, both GSB at 590
nm and ESA at 700 nm decay very quickly
while GSB at 640 nm disappears slowly with
an appearance of ESA bands at 610 nm and
weak GSB bands at 690 nm. Three different

TA spectra were extracted from the global
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Figure 15. (a) Femtosecond transient absorption spectra, (b) decay
associated spectra, and (c) temporal profiles of [32]heptaphyrin in
THF measured at room temperature.
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analysis. Since the decay associated spectra
(a) o10

Time (ps)
—1

with the time constants of 0.5 and 10 ps have

the same spectral shapes as those in toluene,

AA

we could conclude that these two spectra are

originated from the molecular species

o existing in toluene. In contrast, the decay

S(I)O 6(I)0 760
Wavelength (nm) associated spectrum with the time constant
(b) (©

02]—05ps o «om  of 60 ps exhibits the same spectral shape as
—10ps 003
0.1]—60ps ; 0.00

0ol e that in THF, implying that this spectrum is

0 120 240 360 (Ps)
—_—

-0.1

Amplitude (a.u.)

contributed by the molecular species existing

-0.2

500 600 700

Wavelength (nm) in THF. Moreover, the two time constants of

Figure 16. (a) Femtosecond transient absorption spectra, (b) decay 10 and 60 ps were also estimated in the
associated spectra, and (c) temporal profiles of [32]heptaphyrin in
ethyl ether measured at room temperature.

decay profile probed at 640 nm. Each
component is respectively consistent with
the lowest singlet excited-state lifetimes in toluene and THF, providing us with strong
evidence on our assumption that there are two different conformers, denoted as
toluene—conformer and THF-conformer, in ethyl ether. In the decay profile probed at 700
nm, however, only the time constants of 0.5 and 10.0 ps originating from
toluene—conformer were obtained because the contribution of THF-conformer to the
decay dynamics is negligible in this wavelength region as shown in its decay associated

spectra.

(3) Aromaticity of Toluene-— and THF-Conformers: By using the anisotropy of the
induced current density (AICD) and
nucleus independent chemical shift
(NICS) calculations, the degrees of

aromaticity in the two conformers were

quantitatively examined (Figure 17). As
shown in Figure 17a, the current density
vectors of toluene—conformer indicate
counter-clockwise overall currents when

we look toward the upper side sitting at

the bottom of the molecule (against the

. . . . Figure 17. AICD plots of (a) figure-eight-like and (b) M&bius strip-like
direction of magnetic field vector), which 9 P Slmct(ur)es o [32]}g1eptaphyrinA( ) P

means paratropic ring currents and antiaromaticity. However, the current density vectors of

13



THF—-conformer show clockwise currents, which indicate diatropic ring currents and
aromaticity. It is quite impressive that in AICD calculations the same molecule can exhibit
the opposite ring currents depending on the structures even though the structural differences
do not seem to be large. Moreover, the commonly used indices of aromaticity, NICS values
were calculated as +7.1 ppm for toluene—conformer and -10.8 ppm for THF-conformer,
supporting their aromatic characters (positive value means antiaromaticity and negative
value indicates aromaticity). These results imply that a little change in conformation can
cause a huge difference in molecular aromaticity and its electronic nature. The variation of
solvent polarity will be enough to trigger such a small conformational change.

The TPA cross section values in four

1004
5

different solvents also reflected the

change of aromaticity. The TPA values
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of [32]heptaphyrin increased from 2000
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respectively (Figure 18). The increased

InTHF : In DMSO
T e ® 7 i 7 TPA values in THF can be ascribed to the

Figure 18. Z-scan curves of [32]heptaphyrin in various solvents measured
at room temperature

increasing contribution of aromatic
conformation that would be Maobius
strip-like structure. Thus, a small increase in the TPA value in ethyl ether is affected by a
small portion of THF-conformer. The largest TPA value in DMSO also suggests the
predominance of aromatic DMSO-conformer, which is conformationally rigid due to the

hydrogen bonding between solutes and solvents as mentioned earlier.

(4) Energy Relaxation Dynamics: The TA spectra of toluene— and THF-conformers in
this study actually exhibit the typical spectral features of antiaromatic and aromatic
expanded porphyrins, respectively. In our TA experiments, antiaromatic expanded
porphyrins usually exhibit broad and relatively large ESA bands compared to GSB bands as
seen in toluene—conformer, while aromatic expanded porphyrins show sharp and much
stronger GSB bands than its ESA bands as seen in THF-conformer. We suppose that a
certain selection rule involved in the excited-states will govern this trend with focusing on
the vibrational energy relaxation process observed in TA spectra of toluene—conformer. The
broad ESA signals in TA spectra of toluene—conformer showed ultrafast spectral blue-shift

with band narrowing during the initial time evolutions, which is presumed to be a signature
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of vibrational energy relaxation process occurring in the excited vibrational state manifolds
in the lowest electronic excited state (S;). When the excited populations are generated in
higher vibrational states, we can intuitively expect additional appearance of absorption bands
in lower energy region like hot-band absorption according to Frank-Condon principles which
predict the absorption or emission spectra by the vibrational overlap of the initial and final
vibrational states. Thus, the absorption spectra become much broader in this situation. This
gives us a clue to diagnose the feature of TA spectra in toluene as an evidence of vibrational
energy relaxation. On the other hand, in the TA spectra of THF solution there is no symptom
of vibrational relaxation processes. We believe that this difference arises from the
distinguished electronic structure of toluene—conformer. In the vertical excitation transition
calculations the antiaromatic form, which is supposed to be toluene—conformer, exhibits
one-photon forbidden transition at 2252 nm, so called optically dark state, different from
THF-conformer (aromatic form). Even though the presence of this optically dark state
could not be proved by the steady-state absorption spectra (because the transition is
one-photon forbidden), the ultrafast energy relaxation dynamics in toluene reflect the
existence of this state.

The decay profiles in THF exhibit only one decay time constant of 65 ps with the
photoexcitation at B-like state (Sg), which is estimated to be the lifetime of Q-like state (Sq)
after ultrafast internal conversion from Sg to Sq states (< 200 fs). In contrast, the decay
profiles of toluene—conformer show the two time constants of 0.4 and 5 ps with the same
photoexcitation at Sg transition. Because the internal conversion from Sg to S, states would
be also very fast as in THF, the decay time constant of less than 1 ps in toluene strongly
suggests the low-lying state below Sq transition. In addition, 5 ps time constant is much
shorter than the lifetime of 65 ps in THF, which means the energy relaxation of
toluene—conformer from the lower energy state becomes much faster than that of
THF—-conformer by obeying the energy-gap law. Based on our observations, the degree of
aromaticity and m-delocalization in expanded porphyrins change with molecular
conformation, seeming to depend on how far p-orbitals overlap smoothly. In this regard, in
order to figure out the exact relationships between molecular topology, aromaticity and

photophysical properties, further systematic studies on this topic will be studied.
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Summary

In this project, we have investigated the relationship between aromaticity and photophysical
properties of various (anti)aromatic porphyrinoids using the spectroscopic techniques and
theoretical approaches.

Firstly, the relationship between aromaticity and photophysical properties of [18]/[20]n
porphycenes was investigated using various theoretical calculations and spectroscopic
measurements. Based on ACID and NICS calculations, m-electron delocalization is more
effective in the order of [18]EtioPc >[18]CF3;Pc > [20]CF3Pc, which is in line with the
tendency of molecular distortion. Interestingly, we have found that the HOMO-LUMO gap
of [20]m porphycene is larger than that of [18]n porphycene, which is in a sharp contrast with
those of typical [4n]/[4n+2]n porphyrinoids. Especially, compared with other [4n]n
porphyrinoids, [20]n porphycene exhibits unique photophysical behaviors arising from a
large HOMO-LUMO energy gap. Consequently, our study demonstrates that the energy
difference between LUMO and LUMO+1 levels of aromatic [4n+2]n porphyrinoids is an
important factor in determining the electronic nature of their corresponding antiaromatic
[4n]7 porphyrinoids.

Secondly, [32]heptaphyrin clearly exhibits solvent polarity dependent photophysical
properties, which have been revealed by 'H NMR, absorption, fluorescence, TA, and TPA
measurements. All the measured data indicate that the aromaticity of molecule is changed
from antiaromatic to aromatic as the solvent polarity increases in going from toluene to THF
and DMSO. According to the quantum mechanical calculations, this feature is mainly
ascribed to the conformational changes from antiaromatic Hiickel to aromatic Mdbius
topologies which correspond to the major conformers in toluene and THF, respectively. We
could resolve the TA spectra and excited-state lifetimes of the two conformers by varying
the excitation wavelength with the global analysis. Particularly, in the TA spectra of toluene
solution we have observed the evidence of vibrational energy relaxation process that
generates the broad ESA signals at the initial delay time while such phenomena are absent in
THF and DMSO solvents. This result is largely associated with the presence of low-lying
and optically dark state of toluene-conformer and the generation of excess vibrational
energy within this state can give us a clue to answer why we have witnessed a consistent
trend in the TA spectra of antiaromatic expanded porphyrins distinguished from those of
aromatic expanded porphyrins. Finally, this study demonstrates that the spectral features of
TA spectra can be utilized to differentiate antiaromatic conformers from aromatic ones in

expanded porphyrins.
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